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[57] ABSTRACT 
A four-phase hybrid type stepping motor is disclosed, 
which comprises a rotor and eight stator poles each 
formed on a plane facing to an outer side surface of the 
rotor with a plurality of stator teeth, wherein a pitch 
between a center of the stator teeth of the ?rst one of 
the eight stator poles and a center of the stator teeth of 
the fourth stator pole, a pitch between the center of the 
stator teeth of the fourth stator pole and a center of the 
stator teeth of the seventh stator pole and a pitch be 
tween the center of the stator teeth of the seventh stator 
pole and a center of the stator teeth of the second stator 
pole are common and equal to 7-, de?ned as follows: 

where ZR is the number of the rotor teeth and N is an 
integer close to 3-ZR/ 8. 

3 Claims, 6 Drawing Figures 
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FOUR-PHASE HYBRID TYPE STEPPING MOTOR 

BACKGROUND OF THE INVENTION .. 

1. Field of the Invention 
The present invention relates to a hybrid type step 

ping motor having eight (8) stator poles equiped with 
four (4)-phase connected windings. 

2. Description of the Prior Art 
In the conventional hybrid type stepping motor in 

which the exciting ?eld is switched phase by phase, the 
stepping angle 0, can be represented by ' 

where n is the number of phases and ZR is the number 
of teeth of the rotor. Futhermore, the load angle 01, at 
the maximum torque is determined by ,the number of 
teeth (ZR) and can be represented by 

Therefore, a relation 0 L=k-0S is established'between the 
step angle 0; and the load angle 0], where k is a constant. 
In this case, in order to make possible to accelerate or 
decelerate the motor at a high rate without misstepping, 
the constant k should be as larger than 1 as possible. 

Since the conventional hybrid type stepping motor 
having 8 stator poles is usually provided with 2-phase 
connected windings, the step angle 03 is 360°/4-ZR and 
thus a relation 0L=0S(k= l) is established between the 
two angles. Therefore, when it is desired to use that 
motor in a high speed range, it is dif?cult to set the rise 
time and the fall time for the slow-up and slow-down 
motions, and, further, there is the turbulence or hunting 
phenomenon in some speci?c input frequency range. 

SUMMARY OF THE INVENTION 

In view of these defects of the conventional stepping 
motor of the type, an object of the present invention is 
to provide a four-phase hybrid type stepping motor 
whose basic step angle is one half that of the conven 
tional motor, so that ‘the high speed response is much 
improved and the stepping motion is stabilized. 
The above object is achieved, according to the pres 

ent'invention, by providing a four-phase hybrid type 
motor comprising a rotor and eight stator poles each 
formed on a plane facing to an outer side surface of the 
rotor with a plurality of stator teeth, wherein a pitch 
between a center of the stator teeth of the ?rst one of 
the eight stator poles and a center of the stator teeth of 
the fourth stator pole, a pitch between the center of the 
stator teeth of the fourth stator pole and a center of the 
stator teeth of the seventh stator pole and a pitch be 
tween the center of the stator teeth of the seventh stator 
pole and a center of the stator teeth of the second stator 
pole are common and equal to re de?ned as follow: 

FT" 

where ZR is the number of the rotor teeth and N is an 
integer close to S-ZR/ 8. 

Other objects and features of the present invention 
will become apparent by reading the following descrip 
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2 
tion of the preferred embodiments of the present inven 
tion with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 illustrates schematically the relation between 
the stator and the rotor of the four-phase stepping 
motor according to the present invention; ' 

FIG. 2 illustrates the connection of the windings to 
be‘ mounted on the respective stator poles; 
FIG. 3 illustrates the concept of the bi?lar winding; 
FIG. 4 is an example of a circuit diagram of the drive 

circuit for driving the windings wound in mono?lar 
fashion; 
' FIG. 5 is an example of a circuit diagram of the drive 
circuit for driving the windings wound in bi?lar fash 
ion; and 
FIG. 6 is a partially cross-sectioned view of the step 

ping motor according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

' The stepping motor according to the present inven 
tion has eight (8) stator poles 11, 12, 18 formed on a 
stator l as shown in FIG. 1. A plurality of stator teeth 
la is formed on each of the stator poles with teeth pitch 
1"; which satis?es the following equation. 

where TR is a tooth pitch of teeth formed on an outer 
side surface of a rotor 3. 

Furthermore, the respective stator poles 11, 12, 13 
are arranged such that pairs of opposing ones of the 
stator poles (e.g. 11 and 15) are separated by 180°, re 
spectively, and the stator teeth laof certain ones of the 
stator poles are arrnaged such that a pitch between a 
center of the stator teeth of the ?rst stator pole and a 
center of the stator teeth of the fourth stator pole, a 
pitch between the center of the stator teeth of the fourth 
stator pole and a center of the stator teeth of the seventh 
stator pole and a pitch between the center of the stator 
teeth of the seventh stator pole and a center of the stator 
teeth of the second stator pole are common and equal to 
re de?ned by the following equations 

(2) 
TR 

a=8N—3-ZRil (2') 

where ZR is the number of the rotor teeth and N is an 
integer close to 3-ZR/ 8. 
N is the equation (2') is empirically determined and is 

selected as N= 19 in this embodiment. The sign (1) in 
the right term of the equation (2’) should be determined 
so that the absolute value of a becomes nearly equal to } 
zero in view of efficiency and, in this embodiment, the 
minus sign (—) is selected. If the plus (+) sign is se 
lected, then the rotational direction of the exciting man 
getic ?eld becomes coincident to the rotational direc 
tion of the rotor 3'while if the minus sign is selected, the 
two directions becomes opposite to each other. 
When the number ZR of the teeth formed on the outer 

side surface of the rotor 3 is even, the teeth la of the 
paired stator poles are arranged so that they are shifted 
from each other by 5 'rs and when ZR is odd number, the 
teeth 1a of the paired stator poles are arranged such that 
the protruded portions thereof are faced each other and 
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the valley portions thereof are faced each other, respec 
tively. 
Windings 2, 2, 2 are mounted on the stator poles l, 

1, 1, respectively. The windings 21 and 25, 22 and 26, 
23 and 27, and 24 and 28 are paired, resepctively, each 
pair being connected in series, as shown in FIG. 2, to 
form four phases. Each pair of the windings is wound'in 
hetero polar fashion, so that, when a current is supplied 
to, for example, the pair of the windings 21 and 25 and 
when the stator pole 11 is magnetically N pole (or S 
pole), the stator pole 15 is faced thereto becomes S pole 
(or N pole). It may be possible to connect the paired 
windings in parallel with each other. In such case, the 
paired windings e.g. windings 21 and 25, are wound on 
the stator poles 11 and 15, respectively, to make them 
heteropolar magnetic poles. 
Although the windingsi'l, 2'2. . . 23 are shown as being 

wound in mono?lar fashion in FIG. 2, it may be possible 
to constitute the whole winding with winding pairs 21', 
21': 22’, 22': . . . 2g’, 23'; respectively, to form bi?lar 
winding arrangement as shown in FIG. 3. In such case, 
the respective windings may be connected as shown in 
FIG. 5. . 

The rotor 3 is constituted with-a pair of rotor caps 31 
and 3;,a magnet 33 disposed between the rotor caps 31 
and 32 and a rotor shaft 34 of non-magnetic material, as 
shown in FIG. 6. The rotor caps 31 and 32 are formed on 
the peripheral side surface thereof with the teeth 3“ 
(FIG. 1) with the pitch TR, respectively, and assembled 
such that the teeth 30 of the rotor cap 31 are shifted by 
i pitch from those of the rotor cap 32. In this embodi 
ment, the number ZR of the rotor teeth isv set as being 50. 
The stepping motor constituted as above can provide 

six different step angles when operated according to the 
exciting sequence shown in tables 1 to 7. The sequences 
shown can be performedby a driving circuit in FIG. 4 
in the case where the monofilarly wound windings 21 to 
23 are excited in bipolar fashion or a driving circuit in 
FIG. 5 in the case where the bi?larly wound windings 
(21', T1'~(2g', T3’) are unipolarly excited. 

TABLE 1 

Pole 
Step 1 1 13 14 

N S 
S 

\OOOQOUIbbJNI-i m 222 mmm wwm ZZZ ZZZ rnmm ww ZZZ 
wwm ZZZG‘ 

ZZZ w 
mmm 222 to Z2 wmm ZZAZ' 

TABLE 2 

Pole 
Step 

oooqam-awnn wZZZZwvH/Hn .2‘ mwmmZZZZw 5‘ ,ZZZwwwwZZ 5' wwZZZZVHIH/I 3‘ ZwmwwZZZZ G‘ ZZZZwwwwZ a‘ wwwzzzzww 5‘ ZZmwwwZZZ A? 
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Step 

Step 

UIJBUINI-e 

V1 ZZZZZZZ mmmmmwm: 

(022mm: MVJZZZVIVI ZZWWWZZ 
zmwzz: 'z wwzzzwm zzwwwzz: wwwwwww 22422222 

22222 

TABLE 3 
P 

mmmwmmm ZZZ: 
(/1010: 2222222 mmwmm: z wwwwwmm zzzzzzzzr§ 

TABLE 4 
Pole 

wZZ wwZZZww zzmwwa‘ wwwZZ wmzzzmm 22w: ZZwwmZZ mwzzyzww 2G‘ 

TABLEv 5 - 

P 

zzwmz : mwZZw E‘ zwwzz .: % 

0122mm; m zzmmwzz cnmZZZmm; ZZZZZZZ mmmcnmmm Z5 

mmmmm ZZZZZZZ mmm 5' 

Zmw ZZVHIHIIZZ Vii/>222 LT 222mm ZZwwwZZ VII/1Z0’: 

ZZVIVIZ 65' 

Step 

(022m zmmzwmz mzzm 5' Z01 ZmmZmwZ WZZUJZZ 5' 

TABLE 6 
P 

zwwzwwz wzzmzzm @ mwzmmz mzZmZZm 2mg‘ zwwz mzzwzzw mar/12.7% wZZmZZw ZWUJZUHBZ zzwzzw zmwzmmz m2: 
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TABLE 7 
Pole 

Step ' 1| 1; l3 l4 l5 l6 l7 ‘l3. 

1 's N s N s N 
2 S N S N S N 
3 S N S N S N 
4' N S N S N S ' 
5 N S N S N S ' 
6 N S N S N S 
7 N S N S N S 
8 N S N S N 
9 s N s N s g N 

According to the sequences shown in the Tables 1 
and 2, the step angle obtained becomes equal to the 
basic step angle 05 and according to the sequence in the 
Table 3, the step angle becomes 50,. Further, according 
to the sequences in the Tables 4 to 7, the step angle 
becomes 3/2 0,, 203, 5/2 0, and 30,, respectively. 

In the above mentioned embodiments, the center lines 
of the respective stator poles are made coincident with 
the centers of the stator teeth groups of the stator poles, 
respectively, by using different widths of the slots each 
provided between the adjacent ones of the stator poles 
11, 12, . . . 13. That is, the stator teeth 1a of the individual 
stator pole are arranged symmetrically with respect to 
the center line of the stator pole. However, it should be 
noted that the present invention is not limited to such 
arrangement. For example, the present invention can be 
also applicable to a motor having the stator poles 11, 12, 
. . . 18 arranged with a common pitch, i.e., 45". In such 
case, the teeth formed on the respective stator poles 11 
to 13 may be arranged asymmetrically with respect to 
the center lines of the stator poles so that the teeth 
arrangement satis?es the equations (2) and (2'). 
As described hereinbefore, the hybrid type stepping 

motor according to the present invention using the 
windings arranged in four phases has the basic step 
angle of a half the step angle of the conventional two 
phase type stepping motor. Therefore, it is possible to 
realize the above mentioned various step angles. Fur 
thermore, in the three or four-phase excitation shown in 
the Tables 1, 2, 5 and 7, there is no torque variation 
occurred and when an excitation sequence including 
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6 
3, 4 and 6 is employed, it is possible to restrict the torque 
variation to 1:1.1. ' 

When the basic step angle similar to that of the pres 
ent motor is desired by the conventional Z-phase step 
ping motor, it is necessary to employ an excitation se 
quence including alternative l-phase and 2-phase excita 
tions and therefore there are inherent disadvantages of 
torque variation of l:\/2_ and of variation of response 
characteristics between steps. 
What is claimed is: 
1. A four-phase hybrid type stepping motor compris 

ing a rotor, eight stator poles are formed on a plane 
facing to an outer side surface of said rotor with a plu 
rality of stator teeth arranged with a common pitch 1,, 
opposing ones of said stator poles being paired and 
being separated from each other by 180°, and a plurality 
of windings wound in heteropolar on the four pairs of 
said stator poles, wherein a pitch between a center of 
said stator teeth of a ?rst one (11) of said stator poles and 
a center of said stator teeth of a fourth one (14) of said 
stator poles, a pitch between said‘ center of said stator 
teeth of said fourth stator pole and a center of said stator 
teeth of a seventh one (17) of said stator poles and a 
pitch between said center of said teeth of said seventh 
stator pole and a center of said stator teeth of a second 
one (12) of said stator poles are common and equal to 16, 
said pitches Ts and TC being set so that they satisfy the 
following equations: 

where TR is a pitch of teeth of said rotor, ZR is the 
number of the teeth of said rotor and N is an integer 
close to 3-ZR/ 8. 

2. A four-phase hybrid type stepping motor as 
claimed in claim 1, wherein said windings are wound in 
mono?lar. 

3. A four-phase hybrid type stepping motor as 
claimed in claim 1, wherein said windings are wound in 
bifilar. 

* i ‘I i i 


